Introduction {#s0005}
============

Choroidal hemangioma is a benign vascular tumor, classified as circumscribed or diffuse depending on visibility of defined tumor margins and extent of choroidal involvement.[@b0005], [@b0010], [@b0015], [@b0020], [@b0025], [@b0030], [@b0035] Circumscribed choroidal hemangioma displays well-defined margins, whereas diffuse choroidal hemangioma shows ill-defined margins blending imperceptibly into the peripheral choroid. Circumscribed choroidal hemangioma is usually an isolated condition without systemic association, while diffuse choroidal hemangioma usually occurs in association with Sturge-Weber syndrome or other related conditions.[@b0005], [@b0010], [@b0015], [@b0020], [@b0025], [@b0030], [@b0035] The diagnosis of circumscribed choroidal hemangioma is established based on clinical features including unilateral presentation, orange-red tumor color, round, well-circumscribed shape, and location in the posterior fundus.[@b0035] Imaging features include hyperfluorescence by fluorescein angiography and rapid early filling and late washout on indocyanine green angiography.[@b0035], [@b0040] Ultrasonography classically demonstrates a dome-shaped, echodense choroidal mass near the macular region, confirmed on optical coherence tomography (OCT) with dome-shaped contour and absence of choriocapillaris compression.[@b0005], [@b0010], [@b0015], [@b0020], [@b0025], [@b0030], [@b0035] Thus the diagnosis of circumscribed choroidal hemangioma depends on clinical and imaging features.[@b0035], [@b0015], [@b0020], [@b0025]

Circumscribed choroidal hemangioma is most frequently recognized in adulthood when patients become symptomatic with loss of visual acuity from related subretinal fluid (SRF) or macular edema.[@b0035] In a study of 200 consecutive cases of circumscribed choroidal hemangioma by Shields et al, the mean age at diagnosis was 47 years, but choroidal hemangioma affected patients of all ages, ranging from age 4 to 81 years old in the aforementioned study.[@b0005] We herein investigate the clinical features and outcomes of circumscribed choroidal hemangioma to determine whether tumors have different characteristics or risks of vision loss according to age of presentation.

Methods {#s0010}
=======

Medical and imaging records were reviewed to identify all patients diagnosed with circumscribed choroidal hemangioma on the Ocular Oncology Service, Wills Eye Hospital, Thomas Jefferson University, from March 29, 1967 to June 4, 2018. All patients with circumscribed choroidal hemangioma were included and those with diffuse choroidal hemangioma were excluded. Circumscribed choroidal hemangioma was defined as a localized lesion with crisp margins. Lesions lacking visible margins were excluded. This study was in compliance with the Health Insurance Portability and Accountability Act (HIPAA). Institutional Review Board approval was obtained from Wills Eye Hospital.

All patients underwent a complete ophthalmic examination by an ocular oncologist (JAS, CLS, or AM), including slit lamp biomicroscopy and indirect funduscopic evaluation. Color fundus photography, fundus autofluorescence (FAF) imaging, B scan ultrasonography, fluorescein angiography (FA), indocyanine green angiography (ICG), and optical coherence tomography (OCT) were performed when available and as needed.

Clinical and photographic records were retrospectively reviewed for patient demographics (age, sex, race), systemic syndromes (Sturge-Weber, Klippel-Trenaunay), and systemic hypertension. Clinical features included hemangioma laterality, involved eye, associated anterior segment findings (iris heterochromia, iris neovascularization, angle closure, or neovascular glaucoma), presenting visual acuity, number of tumors per eye, largest tumor basal diameter and thickness, distance to optic nerve margin and foveola, and associated SRF, exudation, hemorrhage, or retinoschisis. Imaging features included FAF (lipofuscin extent and quality), ultrasonography (tumor thickness and echodensity), FA (hyperfluorescence in prearterial, arterial, venous, and late phases), ICG angiography (hypercyanescence in early and mid-phases and hypocyanescent "wash out" in the late phase), and OCT (SRF over the tumor and under the foveola, photoreceptor status, cystoid macular edema \[CME\], and macular atrophy). Treatment features included reason for treatment, primary and secondary treatment modality (observation, argon laser photocoagulation, photodynamic therapy, transpupillary thermotherapy, plaque radiotherapy, external beam radiotherapy, transscleral diathermy, intravitreal triamcinolone or anti-vascular endothelial growth factor \[anti-VEGF\], or enucleation), and number of treatments.

Outcomes included follow-up duration, final visual acuity, visual acuity loss of 3 or more Snellen lines and cause of visual acuity loss, final tumor diameter and thickness, SRF over the tumor and under the macula, cystoid retinal edema over the tumor or CME, retinal hemorrhage, and exudation. Some charts prior to 1990 had incomplete data, and not all study eyes were examined by all imaging modalities. Total numbers of eyes for which each clinical or imaging factor were found are indicated in the tables.

Statistical analysis was performed using SPSS Statistics Software Version 18 (SPSS Inc., Chicago, IL, USA). Demographics, clinical features, image features, treatment features, and outcomes were compared by age of presentation (age ≤20 vs. \>20--50 vs. \>50 years). Categorical variables were compared using Fisher's exact test or Chi-square test, and continuous variables were compared using analysis of variance (ANOVA). Post-hoc analysis for between groups comparison was performed using Bonferroni test. Statistical significance was defined as *p* \< 0.05.

Results {#s0015}
=======

There were 458 tumors in 457 eyes of 457 patients with circumscribed choroidal hemangioma managed on the Ocular Oncology Service, Wills Eye Hospital, Philadelphia, PA USA from March 29, 1967 to June 4, 2018. Patient demographics are listed in [Table 1](#t0005){ref-type="table"}. Patient age was ≤20 (n = 31 \[7%\] tumors in 31 eyes), \>20--50 (n = 182 \[40%\] tumors in 181 eyes), or \>50 (n = 245 \[53%\] tumors in 245 eyes) years. Comparison of patients by age category (≤20 vs. \>20--50 vs. \>50 years) revealed mean patient age at presentation (13 vs. 41 vs. 64 years, *p* \< 0.001), with similar percentage of male sex (45% vs. 65% vs. 56%, *p* = 0.06), and the youngest age group demonstrating fewer patients of Caucasian race (71% vs. 87% vs. 87%, *p* = 0.03), and more patients with Sturge-Weber syndrome in youngest age category (48% vs. 2% vs. 1%, *p* \< 0.001).Table 1Circumscribed choroidal hemangioma analysis by age group in 458 cases. Patient demographics.DemographicsAge ≤ 20\
n = 31 tumors in 31 patients (%)Age \> 20--50\
n = 182 tumors in 181 patients (%)Age \> 50\
n = 245 tumors in 245 patients (%)*p*-valueTotal N = 458 tumors in 457 patients (%)Age at presentation (years)\
Mean (median, range)13 (13, 3--20)41 (44, 22--50)64 (63, 51--93)**\<0.001**51 (52, 3--93)  *Sex*Male14 (45)117 (65)138 (56)0.06269 (59)Female17 (55)64 (35)107 (44)188 (41)  *Race*Caucasian22 (71)158 (87)213 (87)**0.03**393 (86)African American1 (3)3 (2)8 (3)12 (3)Asian2 (6)5 (3)3 (1)10 (2)Hispanic1 (3)7 (4)11 (5)19 (4)Middle Eastern1 (3)1 (1)0 (0)2 (\<1)Indian2 (6)2 (1)0 (0)4 (1)Other/unknown2 (6)5 (3)10 (4)17 (4)  *Systemic syndrome*Sturge-Weber Syndrome15 (48)3 (2)2 (1)**\<0.001**20 (4)Klippel-Trenaunay Syndrome0 (0)0 (0)0 (0)NA0 (0)  *Systemic findings*Facial nevus flammeus15 (48)3 (2)1 (\<1)**\<0.001**19 (42)Cutaneous hemangioma1 (3)2 (1)1 (\<1)0.464 (1)Mucosal hemangioma0 (0)0 (0)0 (0)NA0 (0)Systemic hypertension0 (0)25 (14)94 (39)**\<0.001**119 (26)  *Laterality*Unilateral31 (100)181 (100)245 (100)NA457 (100)Bilateral0 (0)0 (0)0 (0)0 (0)  *Study eye*Right eye11 (36)90 (50)128 (52)0.21229 (50)Left eye20 (65)91 (50)117 (48)228 (50)[^2]

Clinical features are listed in [Table 2](#t0010){ref-type="table"}. A comparison by age category revealed that the youngest age group had lowest mean presenting visual acuity (Snellen equivalent 20/400 vs. 20/150 vs. 20/100, *p* \< 0.001), more frequent presence of dilated episcleral vessels (23% vs. 3% vs. 3%, *p* \< 0.001), largest tumor basal diameter (13.5 vs. 6.6 vs. 6.2, *p* \< 0.001), greatest tumor thickness (5.8 vs. 3.1 vs. 2.9, *p* \< 0.001), and closest tumor distance to the foveola (0.5 vs. 1.4 vs. 1.2, *p* = 0.03). The youngest group also presented with greater SRF according to distance from the tumor (\>6 mm SRF from the tumor, 48% vs. 27% vs. 13%, *p* \< 0.001) and number of quadrants (4 quadrants of SRF, 26% vs. 8% vs. 2%, *p* \< 0.001), greater number with submacular fluid (39% vs. 31% vs. 18%, *p* \< 0.001) and CME (30% vs. 14% vs. 9%, *p* = 0.01), and less with macular retinal atrophy (0% vs. 2% vs. 4%, *p* = 0.01). On sub-analysis of patients without Sturge-Weber syndrome, differences by age category in presenting visual acuity, tumor basal diameter, and tumor thickness remained significant. Imaging features are listed in [Table 3](#t0015){ref-type="table"}. A comparison by age category revealed no difference in orange pigment or retinal pigment epithelium (RPE) trough by FAF; acoustic density by US; hyperfluorescence or CME by FA; hypercyanescence by ICG angiography; or photoreceptor status, macular SRF, CME, or macular retinal atrophy by OCT. The youngest (≤20 years) and middle age (\>20--50 years) patients had greater frequency of SRF by OCT compared to the oldest patients (\>50 years) (77% vs. 76% vs. 63%, *p* \< 0.001).Table 2Circumscribed choroidal hemangioma analysis by age group in 458 cases. Clinical features at presentation.Clinical featuresAge ≤ 20\
n = 31 tumors in 31 patients (%)Age \> 20--50\
n = 182 tumors in 181 patients (%)Age \> 50\
n = 245 tumors in 245 patients (%)*p*-valueTotal N = 458 tumors in 457 patients (%)Visual acuityn = 30n = 180n = 245N = 455 ≥20/406 (20)72 (40)106 (43)184 (40) 20/50--20/20014 (47)66 (37)89 (36)0.14169 (37) \<20/20010 (33)42 (23)50 (20)102 (22) Visual acuity (Snellen)\
  Mean (median, range)20/400 (20/200, 20/20-NLP)20/150 (20/70, 20/20-NLP)20/100 (20/50, 20/20-NLP)20/150 (20/60, 20/20-NLP) Visual acuity (LogMAR)\
  Mean (median, range)1.45 (1.00, 0.00--5.00)0.83 (0.54, 0.00--5.00)0.67 (0.40, 0.00--5.00)**\<0.001**0.79 (0.48, 0.00--5.00)  Visual acuity excluding SWSn = 15n = 178n = 242N = 455 ≥20/402 (13)71 (40)106 (44)179 (41) 20/50--20/2009 (60)66 (37)88 (37)0.18163 (38) \<20/2004 (27)41 (23)48 (20)93 (21) Visual acuity (Snellen)\
  Mean (median, range)20/400 (20/200, 20/20-NLP)20/150 (20/70, 20/20-NLP)20/100 (20/50, 20/20-NLP)20/150 (20/60, 20/20-NLP) Visual acuity (LogMAR)\
  Mean (median, range)1.45 (1.00, 0.00--5.00)0.83 (0.54, 0.00--5.00)0.67 (0.40, 0--5.00)**\<0.001**0.79 (0.48, 0.00--5.00)  Related anterior segment findingsn = 31n = 180n = 244N = 455 Conjunctival hemangioma0 (0)0 (0)1 (0.4)1.01 (\<1) Dilated episcleral vessels7 (23)5 (3)6 (3)**\<0.001**18 (4) Iris heterochromia1 (3)2 (1)1 (0.4)0.184 (1) Iris neovascularization1 (3)1 (1)1 (0.4)0.253 (1) Angle closure0 (0)1 (1)2 (1)1.03 (1) Neovascular glaucoma0 (0)1 (1)1 (0.4)1.02 (\<1)   Number of tumors per eye\
  Mean (median, range)1 (1, 1--1)1 (1, 1--2)1 (1, 1--1)0.221 (1, 1--2)  Tumor dimensions by clinical exam Tumor diameter (mm)\
  Mean (median, range)13.5 (13.5, 4.0--24.0)6.6 (6.0, 2.0--22.0)6.2 (6.0, 1.0--12.0)**\<0.001**6.8 (6.0, 1.0--24.0) Tumor thickness (mm)\
  Mean (median, range)5.8 (5.6, 1.8--11.3)3.1 (3.0, 0.5--7.9)2.9 (3.0, 0.5--5.9)**\<0.001**3.2 (3.0, 0.5--11.3)  Tumor dimensions excluding SWSn = 15n = 178n = 242N = 455     Tumor diameter (mm)\
    Mean (median, range)12.5 (14.0, 6.0--20.0)6.5 (6.0, 2.0--22.0)6.2 (6.0, 1.0--12.0)**\<0.001**6.5 (6.0, 1.0--22.0)   Tumor thickness (mm)\
    Mean (median, range)5.9 (6.0, 1.8--11.3)3.1 (3.0, 0.5--7.9)2.9 (3.0, 0.5--5.9)**\<0.001**3.1 (3.0, 0.5--11.3)  Tumor proximity by clinical exam Distance to optic nerve (mm)\
  Mean (median, range)1.2 (0.0, 0.0--7.0)1.5 (0.0, 0.0--8.0)1.9 (1, 0.0--18.0)0.081.7 (1.0, 0.0--18.0) Distance to foveola (mm)\
  Mean (median, range)0.5 (0.0, 0.0--4.0)1.4 (1, 0.0--7.0)1.2 (0.5, 0.0--15.0)**0.03**1.2 (0.5, 0.0--15.0)  Tumor locationn = 31n = 181n = 241N = 453 Macula16 (52)108 (60)160 (66)284 (63) Inferior3 (10)13 (7)16 (7)32 (7) Temporal8 (26)17 (9)22 (9)0.0647 (10) Superior4 (13)21(12)24 (10)49 (11) Nasal0 (0)22 (12)19 (8)41 (9)  Subretinal fluid surrounding tumorn = 31n = 179n = 241N = 451 None8 (26)35 (20)83 (34)126 (28) Subretinal fluid cap4 (13)34 (19)46 (19)84 (19) Subretinal fluid \< 3 mm from tumor2 (7)40 (22)55 (23)**\<0.001**97 (22) Subretinal fluid 3--6 mm from tumor2 (7)22 (12)25 (10)49 (11) Subretinal fluid \> 6 mm from tumor15 (48)48 (27)32 (13)95 (21)  Subretinal fluid under maculan = 31n = 177n = 240N = 448 Submacular fluid12 (39)54 (31)42 (18)**\<0.001**108 (24)Other macular featuresn = 10n = 65n = 118N = 193 Cystoid macular edema3 (30)9 (14)11 (9)**0.01**23 (12) Retinal atrophy macula0 (0)1 (2)5 (4)**0.01**6 (3)  Subretinal fluid quadrantsn = 31n = 177n = 240N = 448 None17 (55)118 (67)193 (80)328 (73) 1 quadrant0 (0)19 (11)26 (11)45 (10) 2 quadrants3 (10)24 (14)13 (5)**\<0.001**40 (9) 3 quadrants3 (10)2 (1)4 (2)9 (2) 4 quadrants8 (26)14 (8)4 (2)26 (6)  Related retinal findingsn = 31n = 181n = 243N = 455 Retinal exudation1 (3)13 (7)11 (5)0.5425 (6) Retinal hemorrhage0 (0)4 (2)4 (2)0.848 (2) Retinal arterial dilation2 (6)0 (0)0 (0)**0.01**2 (\<1) Retinal venous dilation1 (3)3 (2)0 (0)**0.04**4 (1) Retinoschisis0 (0)12 (7)10 (4)0.2522 (5)[^3][^4][^5]Table 3Circumscribed choroidal hemangioma analysis by age group in 458 cases. Imaging features at presentation.Imaging featuresAge ≤ 20\
n = 31 tumors in 31 patients (%)Age \> 20--50\
n = 182 tumors in 181 patients (%)Age \> 50\
n = 245 tumors in 245 patients (%)*p*-valueTotal N = 458 tumors in 457 patients (%)Autofluorescencen = 12n = 62n = 119N = 193   Orange pigment extent on tumor surface  0%9 (75)37 (60)68 (57)114 (59)  \<25%0 (0)12 (19)25 (21)37 (19)  25--50%3 (25)9 (15)16 (13)0.3628 (15)  50--75%0 (0)4 (6)4 (3)8 (4)  \>75%0 (0)0 (0)6 (5)6 (3)   Orange pigment quality  Geographic3 (25)22 (35)45 (38)70 (36)  Clumped0 (0)1 (2)5 (4)0.776 (3)  Diffuse0 (0)2 (3)1 (1)3 (2) Retinal pigment epithelium trough1 (8)6 (10)12 (10)0.9919 (10)  Ultrasonographyn = 28n = 168n = 221N = 417 B-scan acoustic quality  Solid27 (96)163 (97)218 (99)0.329 (2)  Hollow1 (4)5 (3)3 (1)408 (98)  Fluorescein angiography (FA)n = 23n = 136n = 178N = 337 Prearterial phase hyperfluorescence20 (87)127 (93)167 (94)0.46314 (93) Arterial phase hyperfluorescence21 (91)134 (99)171 (96)0.42326 (97) Venous phase hyperfluorescence20 (87)134 (99)175 (42)0.16329 (98) Late phase hyperfluorescence19 (82)129 (95)168 (94)0.98316 (94) Cystoid macular edema2 (9)8 (6)3 (18)0.0613 (4)  Indocyanine green angiography (ICGA)n = 4n = 69n = 126N = 199 Early tumor hypercyanescence (1 min)4(100)67 (97)119 (94)0.82190 (95) Mid tumor hypercyanescence (8 min)4(100)67 (97)122 (97)0.30193 (97) Late tumor hypocyanescence (20 min)4(100)44 (64)58 (46)0.56106 (53)  Optical coherence tomographyn = 13n = 67n = 120N = 200 Subretinal fluid10 (77)51 (76)76 (63)**\<0.001**137 (69) Photoreceptor status  Shaggy8 (80)46 (90)72 (95)126 (28)  Retracted0 (0)3 (6)3 (4)0.116 (3)  Absent2 (20)2 (4)1 (1)5 (3) Macular status  Macular subretinal fluid6 (46)35 (52)39 (32)0.8280 (40)  Cystoid macular edema3 (23)9 (13)11 (9)0.9223 (12)  Macular atrophy0 (0)1 (1)5 (4)0.226 (3)[^6]

Treatment modalities are listed in [Table 4](#t0020){ref-type="table"}. A comparison by age category revealed no difference in the most common reasons for treatment, including SRF progression (50% vs. 25% vs. 28%) and SRF at the fovea (39% vs. 71% vs. 63%) (*p* = 0.07). The youngest patients were less likely to be treated with primary observation (39% vs. 39% vs. 56%) or photodynamic therapy (10% vs. 27% vs. 22%) and more likely to be treated with plaque radiotherapy (26% vs. 6% vs. 3%) or external beam radiotherapy (13% vs. 1% vs. 0%) (*p* \< 0.001). There was no difference in secondary treatment modality, but the youngest patients required greater total number of treatments (mean 4 vs. 2 vs. 1, *p* \< 0.001).Table 4Circumscribed choroidal hemangioma analysis by age group in 458 cases. Treatment features.Treatment featuresAge ≤ 20\
n = 31 tumors in 31 patients (%)Age \> 20--50\
n = 182 tumors in 181 patients (%)Age \> 50\
n = 245 tumors in 245 patients (%)*p*-valueTotal N = 458 tumors in 457 patients (%)Reason for treatment[\*](#tblfn1){ref-type="table-fn"}n = 18n = 105n = 102N = 225 Subretinal fluid progression9 (50)26 (25)28 (28)0.0763 (28) Subretinal fluid at fovea7 (39)74 (71)64 (63)145 (64) Exudation0 (0)2 (2)2 (2)4 (2) Hemorrhage0 (0)0 (0)0 (0)0 (0) Macular edema2 (11)2 (2)8 (8)12 (1) Choroidal neovascular membrane0 (0)0 (0)0 (0)0 (0) Blind painful eye0 (0)1 (1)0 (0)1 (\<1)  Primary treatment modalityn = 31n = 175N = 241N = 447 Observation12 (39)68 (39)135 (56)**\<0.001**215 (48) Argon laser photocoagulation3 (10)45 (26)43 (18)91 (20)PDT3 (10)47 (27)52 (22)102 (23) Transpupillary thermotherapy0 (0)1 (1)0 (0)1 (0.2) Plaque radiotherapy8 (26)11 (6)8 (3)27 (6) External beam radiotherapy4 (13)2 (1)0 (0)6 (1) Transcleral diathermy0 (0)0 (0)0 (0)0 (0) Sub-Tenon's triamcinolone0 (0)0 (0)0 (0)0 (0) Intravitreal triamcinolone0 (0)0 (0)0 (0)0 (0) Intravitreal anti-VEGF0 (0)0 (0)2 (1)2 (\<1) Enucleation1(3)1 (1)1 (\<1)3 (1)  Secondary treatment modalityn = 23n = 127n = 168N = 318 Observation15 (65)95 (75)136 (81)0.06246 (77) Argon laser photocoagulation3 (13)14 (11)8 (5)25 (8) PDT1 (4)6 (5)16 (10)23 (7) Transpupillary thermotherapy0 (0)0 (0)2 (1)2 (1) Plaque radiotherapy3 (13)7 (6)2 (1)12 (4) External beam radiotherapy1 (4)1 (1)0 (0)2 (1) Transcleral diathermy0 (0)1 (1)1 (1)2 (1) Sub-Tenon's triamcinolone0 (0)0 (0)0 (0)0 (0) Intravitreal triamcinolone0 (0)0 (0)1 (1)1 (\<1) Intravitreal anti-VEGF0 (0)2 (2)2 (1)4 (1) Enucleation0 (0)1 (1)0 (0)1 (\<1)  Number of treatments\
Mean (median, range) Total4 (2, 1--19)2 (1, 0--12)1 (1, 0--4)**\<0.001**2 (1, 0--19) PDT2 (2, 0--7)1 (1, 0--6)1 (1, 0--7)0.301 (1, 0--7) Argon laser photocoagulation/Transpupillary thermotherapy1 (1, 0--2)1 (1, 0--4)1 (1, 0--3)0.131 (1, 0--4)[^7][^8][^9][^10]

Outcomes are listed in [Table 5](#t0025){ref-type="table"}. A comparison by age category revealed no difference in follow-up (mean 44 vs. 68 vs. 60 months, *p* = 0.37). The youngest patients had worse final visual acuity (mean Snellen equivalent 20/400 vs. 20/200 vs. 20/100, *p* = 0.03) ([Fig. 1](#f0005){ref-type="fig"}), but final visual acuity was no longer significantly different after adjustment for presenting visual acuity (*p* = 0.90). There was no difference in visual acuity loss of 3 or more Snellen lines (27% vs. 13% vs. 16%, *p* = 0.55). There was no difference by age category in final status of SRF, cystoid retinal edema, macular SRF, CME, retinal exudation, or retinal hemorrhage. On sub-analysis of patients without Sturge-Weber syndrome, differences by age category in final visual acuity remained significant.Table 5Circumscribed choroidal hemangioma analysis by age group in 458 cases. Outcomes.OutcomesAge ≤ 20\
n = 31 tumors in 31 patients (%)Age \> 20--50\
n = 182 tumors in 181 patients (%)Age \> 50\
n = 245 tumors in 245 patients (%)*p*-valueTotal N = 458 tumors in 457 patients (%)No follow-up9 (29)63 (35)76 (31)0.65148 (33)Follow-up duration (months) (n = 457 patients)\
 Mean (median, range)44 (35, 1--272)68 (35, 0--409)60 (28, 0--355)0.3762 (32, 0--409)  Visual acuityn = 19n = 116n = 168N = 303 ≥20/404 (21)52 (45)78 (46)134 (44) 20/50--20/2004 (21)28 (24)53 (32)**0.01**85 (28) \<20/20011 (58)36 (31)37 (22)84 (28) Visual acuity (Snellen)\
  Mean (median, range)20/400 (20/400, 20/20-NLP)20/200 (20/60, 20/20-NLP)20/100 (20/50, 20/20-NLP)20/150 (20/60, 20/20-NLP) Visual acuity (LogMAR)\
  Mean (median, range)1.50 (1.30, 0.00--5.00)0.96 (0.48, 0.00--5.00)0.77 (0.40, 0.00--5.00)**0.03**[a](#tblfn2){ref-type="table-fn"}0.89 (0.48, 0.00--5.00)   Visual acuityn = 8n = 115n = 167N = 290  ≥20/402 (25)52 (45)78 (47)132 (46)  20/50--20/2001 (13)27 (24)53 (32)**0.05**81 (28)  \<20/2005 (63)36 (31)36 (22)77 (27)  Visual acuity (Snellen)\
   Mean (median, range)20/400 (CF, 20/20-NLP)20/200 (20/60, 20/20-NLP)20/100 (20/50, 20/20-NLP)20/150 (20/60, 20/20-NLP)  Visual acuity (LogMAR)\
   Mean (median, range)1.60 (1.70, 0.00--5.00)0.97 (0.48, 0.00--5.00)0.74 (0.40, 0.00--5.00)**0.03**0.86 (0.40, 0.00--5.00)  If visual acuity ≥ 20/40 at presentation (n = 131 eyes), final visual acuityn = 4n = 48n = 78N = 130 ≥20/402 (50)31 (65)57 (73)90 (69) 20/50--20/2002 (50)12 (25)17 (22)0.5031 (24) \<20/2000 (0)5 (10)4 (5)9 (7)  If visual acuity 20/50--20/200 at presentation (n = 114 eyes), final visual acuityn = 7n = 47n = 60N = 114 ≥20/401 (14)20 (43)20 (33)41 (36) 20/50--20/2000 (0)14 (30)27 (45)**0.004**41 (36) \<20/2006 (86)13 (28)13 (22)32 (28)  If visual acuity \< 20/200 at presentation (n = 57 eyes), final visual acuityn = 8n = 21n = 28N = 57 ≥20/401 (12)1 (5)1 (4)3 (5) 20/50--20/2002 (25)2 (10)8 (29)0.4412 (21) \<20/2005 (63)18 (86)19 (68)42 (74)  Visual acuity loss ≥ 3 linesn = 22n = 120n = 167N = 3096 (27)15 (13)27 (16)0.5548 (16)   Visual acuity loss ≥ 3 lines excluding SWSn = 8n = 115n = 167N = 2901 (10)21 (18)25 (15)0.7647 (16)  Total visual acuity lines lost\
Mean (median, range)2 (2, 0--8)3 (2, 0--14)3 (2, 0--11)0.573 (2, 0--14)  Reason for visual acuity loss ≥ 3 linesn = 6n = 15n = 27N = 48 Cataract0 (0)0 (0)3 (11)0.953 (6) Epiretinal membrane0 (0)0 (0)1 (4)1 (2) Cystoid macular edema0 (0)2 (1)2 (7)4 (8) Subretinal fluid2 (33)4 (5)9 (33)15 (42) Foveal outer retinal atrophy0 (0)3 (1)1 (4)4 (8) Subfoveal orange pigment0 (0)0 (0)0 (0)0 (0) Choroidal neovascular membrane0 (0)0 (0)1 (4)1 (2) Retinal pigment epithelium atrophy0 (0)1 (1)2 (7)3 (6) Radiation maculopathy0 (0)1 (1)1 (4)2 (4) Radiation papillopathy0 (0)0 (0)0 (0)0 (0) Unknown4 (67)4 (20)7 (26)15 (21)  Tumor dimensions by clinical examTumor diameter (mm)\
 Mean (median, range)10.4 (10.0, 7.0--16.0)6.1 (6.0, 1.0--12.0)6.1 (6.0, 2.0--12.0)**\<0.001**6.3 (6.0, 1.0--16.0)Tumor thickness (mm)\
 Mean (median, range)3.4 (3.0, 2.0--7.0)2.7 (2.5, 1.0--5.0)2.6 (2.7, 0.0--6.0)**0.004**2.7 (2.6, 0.0--7.0)   Tumor dimensions excluding SWSn = 8n = 115n = 167N = 290 Tumor diameter (mm)\
  Mean (median, range)10.4 (10.0, 7.0--16.0)6.1 (6.0, 1.0--12.0)6.1 (6.0, 2.0--12.0)**\<0.001**6.3 (6.0, 1.0--16.0) Tumor thickness (mm)\
  Mean (median, range)3.4 (3.0, 2.0--7.0)2.7 (2.5, 1.0--5.0)2.6 (2.7, 0.0--6.0)**0.004**2.7 (2.6, 0.0--7.0)  Tumor related features by optical coherence tomographyn = 10n = 62n = 95N = 167 Subretinal fluid (SRF)  SRF resolved completely8 (80)38 (61)51 (54)0.2397 (58)  SRF resolved partially2 (20)9 (15)11 (12)22 (13)  SRF unchanged0 (0)2 (3)1 (1)3 (2)  SRF increased0 (0)5 (8)4 (4)9 (5)  New SRF0 (0)0 (0)2 (2)2 (1)  Never SRF0 (0)8 (13)26 (27)34 (20)   Cystoid retinal edeman = 10n = 56n = 86N = 152  Cystoid edema resolved completely2 (20)6 (11)6 (7)0.3314 (9)  Cystoid edema resolved partially2 (20)7 (13)6 (7)15 (10)  Cystoid edema worse0 (0)1 (2)1 (1)2 (1)  New cystoid edema0 (0)6 (11)5 (6)11 (7)  Never cystoid edema6 (60)36 (64)68 (79)110 (72)  Macula status by optical coherence tomographyn = 10n = 56n = 94N = 160 Subretinal fluid (SRF)  SRF resolved completely8 (80)37 (66)58 (62)0.91103 (64)  SRF resolved partially1 (10)5 (9)9 (10)15 (9)  SRF increased0 (0)3 (5)2 (2)5 (3)  New SRF0 (0)1 (2)3 (3)4 (3)  Never SRF1 (10)10 (18)22 (23)33 (21)   Cystoid macular edema (CME)n = 10n = 56n = 93N = 159  CME resolved completely4 (40)13 (23)7 (8)0.0624 (15)  CME resolved partially1 (10)3 (5)7 (8)11 (7)  CME worse0 (0)3 (5)2 (2)5 (3)  New CME0 (0)2 (4)5 (5)7 (4)  Never CME5 (50)35 (63)72 (77)112 (7)  Related retinal findingsn = 22n = 119n = 167N = 308 Retinal exudation1 (5)8 (7)3 (2)0.5812 (4) Retinal hemorrhage0 (0)4 (3)1 (1)0.565 (2)[^11][^12][^13][^14]Fig. 1Circumscribed choroidal hemangioma presenting features and outcomes in young (≤20 years) versus middle (\>20--50 years) and older (\>50 years) patients. (A) An 11-year-old white male presented with poor visual acuity of 20/200 in his left eye secondary to a macular-involving circumscribed choroidal hemangioma (arrow) of 16 mm in largest basal diameter and (B) 5.3 mm in thickness by ultrasonography with associated (C) submacular subretinal fluid by optical coherence tomography (OCT). (D) Following plaque radiotherapy, the tumor regressed to (E) 1.9 mm in thickness by ultrasonography with (F) resolution of subretinal fluid by OCT and final visual acuity of 20/400 secondary to outer retinal atrophy. (G) A 44-year-old white male presented with decreased visual acuity to 20/70 in his left eye secondary to a circumscribed choroidal hemangioma (arrow) located superonasal to the optic disc measuring 6 mm in largest basal diameter and (H) 2.6 mm in thickness by ultrasonography with (I) associated subretinal fluid tracking into the macula by OCT. (J) Following treatment with photodynamic therapy the tumor regressed to (K) 1.9 mm in thickness by ultrasonography with (L) resolution of subretinal fluid by OCT and improvement in visual acuity to 20/20.

Discussion {#s0020}
==========

Circumscribed choroidal hemangioma is a benign vascular tumor that can cause profound vision loss secondary to chronic SRF and exudation.[@b0005], [@b0010], [@b0015], [@b0020], [@b0025], [@b0030], [@b0035] Characteristic clinical features of circumscribed choroidal hemangioma include unilaterality, orange-red color, round, well-circumscribed shape, perimacular location, ultrasonographic echodensity, and ICG-documentation of early hypercyanescence with late washout of hypercyanense.[@b0005], [@b0010], [@b0015], [@b0020], [@b0025], [@b0030], [@b0035] A previous large analysis on patients with circumscribed choroidal hemangioma revealed that this tumor typically affects middle-aged patients, at mean age of 47 years, but patients of all ages can be affected.[@b0005] Herein, we specifically investigated, for the first time in the literature, features and outcomes of circumscribed choroidal hemangioma per age category (young (≤20 years), middle-aged (\>20--50 years), and older (\>50 years)) in a large consecutive case cohort of 458 patients at a single center.

The youngest patient category presenting with circumscribed choroidal hemangioma at age ≤20 years demonstrated greater frequency of Sturge-Weber syndrome, despite having a circumscribed and not a diffuse hemangioma. Additionally the young category showed worse presenting visual acuity, larger tumor basal diameter and thickness, more posterior tumor location, and greater extent of SRF. The youngest patients were less likely to be managed with observation as their disease more often demonstrated activity and visual loss, and they were less likely to be managed with primary photodynamic therapy (PDT) as patient cooperation for laser delivery is critical with this method. This young category was more likely to receive treatment with radiation (plaque radiotherapy or external beam radiotherapy). Final visual acuity was poorest in the youngest patients, but after adjustment for presenting visual acuity, this was no longer significant. There was no difference between age groups in visual acuity loss of 3 or more Snellen lines, final status of SRF, cystoid retinal edema, macular SRF, CME, retinal exudation, or retinal hemorrhage.

The poorer visual acuity in young patients could be a reflection of larger tumor size and greater amount of SRF or possibly related to underlying GNAQ R183Q mutation found in some of the choroidal vessels in a single published case of Sturge Weber syndrome.[@b0045] However, differences in visual acuity and tumor size by age category remained significant even after exclusion of Sturge-Weber patients on sub-analysis, indicating that younger patients with circumscribed choroidal hemangioma have worse visual prognosis even in the absence of an associated systemic syndrome. Thus, younger patients were more likely to be managed with radiotherapy for more extensive disease, often with persistent poor visual acuity after treatment. While children might not be able to cooperate for office laser procedures, treatment with PDT at an earlier point, especially in children, could potentially improve visual outcomes.

We recently investigated treatment outcomes for circumscribed choroidal hemangioma in 458 cases in the PDT and pre-PDT eras, demonstrating that patients treated in the PDT era regained better visual acuity outcomes with mean LogMAR visual acuity of 0.51 (Snellen equivalent 20/60) versus 1.28 (Snellen equivalent 20/400) in the pre-PDT era (*p* \< 0.001).[@b0050] Further comparison (PDT era vs. pre-PDT era) demonstrated that patients with better entering visual acuity ≥20/40 maintained better final visual acuity ≥20/40 in the PDT era (75% vs. 60%, *p* \< 0.001) and those with mediocre entering visual acuity of 20/50--20/200 better regained ≥ 20/40 in the PDT era (47% vs. 25%, *p* \< 0.001).[@b0050] Other small series have found similarly improved visual outcomes with PDT.[@b0055], [@b0060] In a small cohort comparison (PDT vs. laser photocoagulation) (5 vs. 23 cases), Scott et al found complete resolution of SRF (100% vs. 57%) and stable or improved visual acuity (100% vs. 83%).[@b0055] In a comparison of radiotherapy (external beam radiotherapy (n = 23), plaque radiotherapy (n = 3)) vs. PDT (n = 16), Papastefanou et al found no difference in visual acuity improvement between groups but noted radiation complications in 10/23 (44%) eyes treated with external beam radiotherapy and 2/3 (67%) eyes treated with plaque, which could have long-term adverse effects on visual acuity.[@b0060] These side effects could be particularly detrimental in younger patients who might experience gradual loss of visual acuity over many years and could require ongoing anti-VEGF therapy. Future studies should investigate whether PDT can improve outcomes in this group of patients.

Limitations of this study include its retrospective design and non-standardized treatment regimens, with evolution in management of choroidal hemangioma over the 50-year time period. Each imaging modality was not performed in each patient, with increased availability of OCT in more recent years, allowing for improved detection of SRF. These developmental changes affected all age groups. We also acknowledge that patients with circumscribed choroidal hemangioma in the setting of Sturge-Weber syndrome were included. Some of these patients could have been previously classified as diffuse choroidal hemangioma due to the systemic association. However, only localized lesions with crisp margins were included in this study. Moreover, differences in tumor size and visual acuity between age categories remained significant on sub-analysis with exclusion of those with Sturge-Weber syndrome. Study strengths include the large number of subjects managed at a single center with follow-up over several years to decades for most patients. To our knowledge, prior large series have not specifically examined choroidal hemangioma features and outcomes based on age at presentation.

Conclusion {#s0025}
==========

In summary, in this study of circumscribed choroidal hemangioma, the youngest patients (≤20 years) had poorest presenting visual acuity, larger tumor basal diameter and thickness, more posterior tumor location, greater extent of SRF, more frequent management with radiotherapy, and worse final visual acuity. Future studies should promote early detection and investigate improved treatment modalities for these patients.
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[^1]: Carol L. Shields, M.D. has had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.

[^2]: Bold values indicate significant *p*-value.

[^3]: Bold values indicate significant *p*-value.

[^4]: Abbreviations: SWS = Sturge-Weber syndrome.

[^5]: Post Hoc analysis (Bonferroni test): Tumor diameter - significant difference between group 1 and group 2 (p \< 0.001) and between group 1 and 3 (*p* \< 0.001). But not between group 2 and group 3 (*p* = 0.99). Tumor thickness - significant difference between group 1 and group 2 (*p* \< 0.001) and between group 1 and 3 (*p* \< 0.001) but not between group 2 and group 3 (*p* = 0.42). LogMAR visual acuity - significant difference between group 1 and group 2 (*p* = 0.002) and group 1 and group 3 (*p* \< 0.001) but not between group 2 and group 3 (*p* = 0.25).

[^6]: Bold values indicate significant *p*-value.

[^7]: Abbreviations: PDT = photodynamic therapy, VEGF = vascular endothelial growth factor, TTT = transpupillary thermotherapy.

[^8]: Bold values indicate significant *p*-value.

[^9]: Post Hoc analysis (Bonferroni test): Total number of treatments - significant difference between group 1 and group 2 (*p* \< 0.001) and between group 1 and 3 (*p* \< 0.001) but not between group 2 and group 3 (*p* = 0.59).

[^10]: Reason for treatment not available for patients (n = 7) who received primary treatment elsewhere.

[^11]: Bold values indicate significant *p*-value.

[^12]: Abbreviations: SWS = Sturge-Weber syndrome.

[^13]: Post Hoc analysis (Bonferroni test): Tumor base - significant difference between group 1 and group 2 (*p* \< 0.001) and between group 1 and 3 (*p* \< 0.001) but not between group 2 and group 3 (*p* = 0.99). Tumor thickness - significant difference between group 1 and group 2 (*p* = 0.009) and between group 1 and 3 (*p* = 0.003) but not between group 2 and group 3 (*p* = 0.99). Visual acuity (LogMAR) - significant difference between group 1 and group 3 (*p* = 0.036) but not between group 1 and group 2 (*p* = 0.23) or between group 2 and group 3 (*p* = 0.46).

[^14]: Using linear regression, after adjusting for visual acuity (LogMAR) at presentation the association between age and final visual acuity (LogMAR) was not significant (p = 0.90).
